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QUANTIFIED  HAZARDS 
ANALYSIS  OF  WEAPON  SYSTEMS  DESIGN 

Henry  G.  Benis , Development  Engineer  - Design  Reliability 

& 

Dr.  John  C.  Marriott,  Human  Factors /Safety  Consultant 
General  Electric  Company,  Armament  Department 
Burlington,  Vermont 


Introduction 


This  article  describes  a relatively  new  and  straightforward  technique 
developed  for  identifying  and  quantitatively  analyzing  potential  hazards 
inherent  in  weapon  systems  design.  Through  integrated  efforts  by  personnel 
from  the  reliability  and  safety  disciplines,  a more  realistic  numerical 
risk  assessment  can  be  employed  to  pin-point  hazardous  conditions  which 
must  be  reduced.  Various  remedial  techniques  which  can  be  applied  to 
reduce  risks  to  acceptable  levels  are  also  discussed. 

Numerous  articles  have  reported  incidents  testifying  to  the  urgent 
need  for  early  elimination  of  potentially  hazardous  conditions  associated 
with  weapon  systems.  Avoidance  of  loss  of  life,  or  personal  injury,  is  of 
course  of  paramount  consideration.  Furthermore,  the  high  cost  of  injuries 
as  well  as  equipment  damage  and  subsequent  redesign  and  retrofit  actions, 
can  in  many  cases  be  substantially  reduced.  This  can  be  accomplished  by  a 
relatively  inexpensive  safety  program  conducted  during  initial  design, 
development  and  testing  of  new  weapon  systems.  Awareness  of  the  impor- 
tance of  early  safety  evaluation  has  been  amply  demonstrated  by  the 
significant  increase  in  contract  data  requirements  for  varying  applica- 
tions of  safety  program  efforts  in  recent  Government  procurement  contracts. 

The  significant  point  to  emphasize  is  that  typical  safety  analyses 
provide  only  a qualitative  measure  of  hazards  stated  in  relative  terms  or 
classifications  (i.e..  Categories  I through  IV,  per  MIL-STD-882 ) . This, 
unfortunately,  does  not  consider  the  probability  of  the  hazardous  condi- 
tion occurring.  On  the  other  hand,  a combination  of  hazard  level  and 
probability  of  occurrence  permits  a quantitative  analysis  resulting  in  a 
more  realistic  numerical  risk  assessment  and  ranking  of  potential  hazards, 
with  the  subsequent  evaluation  of  methods  for  their  reduction. 

The  Hazards  Logic  Tree 

The  initial  effort  in  an  analysis  requires  identification  of 
potential  safety  problems  (regardless  of  remoteness),  the  hazardous  cate- 
gories which  may  be  contributory,  and  the  basic  failure  modes  or  causes. 
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The  recommended  approach  is  a ‘"£op  down"  analysis  as  contrasted  to  the 
widely  used  "bottom  up"  conventional  failure  modes  and  effects  analysis 
(FMEA) . The  former  can  be  quite  quickly  and  economically  developed 
whereas  the  FMEA  is  a relatively  exhaustive  and  comprehensive  analysis 
considering  every  possible  mode  of  failure,  many  of  which  would  not 
contribute  to  a hazardous  condition.  However,  if  the  reliability  engineer 
is  concurrently  developing  an  FMEA,  it  is  wise  to  cross-check  it  for  any 
potential  safety  problems  which  may  be  newly  revealed. 

A thorough  technical  and  functional  knowledge  of  the  weapon  system 
being  evaluated  is  essential  for  meaningful  hazards  analysis.  This  can  be 
achieved  through  frequent  consultations,  analyses  and  reviews  with  respon- 
sible design  engineering  personnel.  The  earlier  in  the  development  pro- 
gram that  this  can  be  achieved,  the  greater  the  likelihood  that  changes 
can  be  incorporated  to  reduce  potentially  hazardous  features  with  a mini- 
mum of  cost,  schedule  slippage  or  design  problems. 

The  product  of  this  initial  safety  analysis,  which  is  subject  to  con- 
tinuing development  and  refinement,  is  the  Hazards  Logic  Tree.  A typical 
example,  recently  generated  for  an  aircraft  weapons  system,  is  illustrated 
in  Figure  1.  It  is  interesting  to  note  that  certain  of  the  specific  haz- 
ardous categories  may  in  turn  constitute  failure  modes  contributing  to 
other  hazardous  conditions. 


Hazardous  Failure  Modes  Analysis  (HFMA) 

Based  on  the  elements  of  the  logic  tree,  a detailed  Hazardous  Failure 
Modes  Analysis  is  readily  developed  for  each  of  the  hazard  categories.  As 
a minimum  it  is  recommended  that  the  following  items  be  included  in  the 
analysis : 

1.  Component (s)  involved 

2.  Failure  mode 

3.  System  operation  mode 

4.  Cause(s) 

5.  Probability  of  damage/injury 

6.  Hazard  classification 

7.  Corrective  action(s) 

8.  Remarks  and  recommendations 
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FIGURE  2 


A convenient  format  for  graphic  display  of  this  analysis  is  illus- 
trated in  Figure  2.  The  example  cited  --  explosion  --  is  a serious  poten- 
tial hazardous  condition  because  of  the  difficulty  in  providing  prior 
warning  and  possible  primary  and  secondary  effects  on  personnel,  aircraft 
and/or  its  equipment,  and  surface-based  facilities. 


Hazard  Classification 

In  the  past,  a qualitative  evaluation  has  been  made  of  each  hazardous 
condition  in  accordance  with  MIL-STD-882.  This  classified  the  hazard  in 
one  of  four  categories  as  defined  in  this  Standard,  mainly:  Level  I - 

Negligible;  Level  II  - Marginal;  Level  III  - Critical;  Level  IV  - Cata- 
strophic . 


Quantitative  Analysis 

The  efforts  up  to  this  point  in  the  development  of  the  hazards  analy- 
sis have  been  primarily  in  the  domain  of  safety  engineering,  and  are 
essentially  qualitative  in  nature.  At  this  phase,  the  reliability 
engineer  analyzes  the  failure  modes  and  causes  itemized  in  the  HFMA 
(Reference  Figure  2),  and  establishes  failure  probability  data  for  each. 

In  the  system  example  cited,  no  attempt  was  made  to  apply  specific 
reliability  numbers  but  rather  to  indicate  one  of  four  ranges  of 
probability  of  failure  occurrence.  The  reason  for  this  is  that  human 
error  can  play  a significant  role  in  a system  that  requires  relatively 
high  personnel  involvement;  that  is,  operator  errors,  ammunition  loading 
and  down  loading,  servicing,  maintenance,  etc.  However,  for  the  purpose 
and  intent  of  this  quantitative  analysis,  four  failure  probability  ranges 
are  adequate.  Weighting  factors  are  also  assigned  with  values  increasing 
as  probability  increases,  as  illustrated  in  Table  1.  These  values  are  in- 
cluded in  the  HFMA  chart  as  indicated. 


Range 

Failure  Probability 
(HFMA  Column  6) 

Weighting  Factor 
(HFMA  Column  9) 

0.00001 

> 

Po 

> 

0 

Very  Low 

1 

0.0001 

> 

Po 

> 

0.00001 

Low 

2 

0.001 

— 

Po 

0.0001 

Moderate 

3 

1 

Po 

> 

0.001 

High 

4 

Table  1 

Probability  of  Failure  Occurrence  (Po) 
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Similarly,  weighting  factors  are  assigned  to  the  hazard  levels. 
Categories  I through  IV  will  have  corresponding  factors  assigned  as  1 
through  4 and  entered  in  Column  10  of  the  HFMA. 

Therefore,  the  relative  risk  level  of  the  various  hazardous  condi- 


tions can  be  ranked  by  multiplying  the 
with  those  of  probability  of  failure. 
HFMA  Chart  in  Column  11. 

Quantitative  Safety  Rating  Fact 
(HFMA  Column  11) 

1 thru  4 

5 thru  8 

9 thru  12 

13  thru  16 


weighting  factors  for  hazard  level 
These  in  turn  are  entered  on  the 

Risk  Level 
Remote 
Marginal 
Critical 
Catastrophic 


Table  2 

Quantitative  Safety  Rating  Factor 


The  completed  HFMA  now  reflects  a safety  rating  based  on  a combina- 
tion of  hazard  level  and  failure  probability  which  gives  a more  realistic 
appraisal  of  hazardous  conditions.  This  more  clearly  emphasizes  the  con- 
ditions requiring  priority  for  evaluation  of  techniques  for  reducing  the 
hazard  to  an  acceptable  level.  For  example,  Figure  3 depicting  the  com- 
pleted HFMA,  indicates  that  an  explosion  condition  due  to  ammunition 
electro-magnetic  interference  (EMI)  susceptibility  is  remote  (rated  2 to 
3)  whereas  an  ammunition  hangfire  borders  on  a marginal  risk  assessment 
(rated  4 to  6)  and  warrants  priority  action  to  reduce  the  potential  risk. 


Hazard  Reduction  Techniques 

The  groundwork  has  now  been  established  for  a concerted  effort  to 
reduce  hazards  which  the  quantitative  analysis  indicate  have  a high  and 
unacceptable  risk  level.  Many  techniques  may  be  employed  in  improving 
system  safety  as  illustrated  by  the  flow  chart  in  Figure  4. 

The  methods,  as  illustrated  above,  are  self-explanatory,  and  the 
point  to  be  made  is  that  there  are  many  techniques  other  than  major  re- 
design which  can  alleviate  or  eliminate  potentially  hazardous  conditions. 
It  must  be  emphasized,  as  mentioned  initially,  that  the  earlier  the  safety 
effort  on  each  program  can  be  initiated,  the  greater  the  probability  of 
reducing  risk  levels  with  a minimum  impact  on  the  overall  program. 
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FIGURE  3 


HAZARD  DISPOSITION  PATHS 


HAZARD  REDUCTION  FLOW  CHART 


FIGURE  4 
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Conclusions 


The  Quantified  Hazards  Analysis  is  not  a "one-shot"  effort  but  an 
iterative  process  which  is  continued  until  all  identified  hazardous  condi- 
tions are  reduced  to  acceptable  levels.  It  cannot  be  successfully  achieved 
by  a one-man  effort  but  requires  the  joint,  cooperative  endeavor  of  all 
disciplines  involved  in  the  system  design,  including  the  airframe/vehicle 
contractor  and  the  using  agency.  In  addition  to  the  safety  improvements 
that  can  be  achieved,  other  program  goals  will  also  benefit;  i.e.,  cost, 
schedule  and  performance. 

Although  the  example  cited  relates  to  successful  application  of  the 
technique  in  the  development  of  a specific  weapon  system,  it  may  readily 
be  applied  to  other  military  programs  where  safety  considerations  are  nec- 
essary, and  perhaps  paramount. 
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Editor's  Note:  This  paper  presents  yet  another  method  of  evaluating  safety 

features  in  a quantitative  manner,  based  on  an  arbitrary 
set  of  numbers  relating  to  hazard  classifications  per  MIL- 
STD-882.  The  final  product,  a quantitative  safety  rating 
factor,  is  obtained  by  multiplying  a probability  weighting 
factor  by  a hazard  weighting  factor.  The  weighting  factor 
for  the  failure  probability  is  assigned  for  a range  of 
values  designed  to  account  for  personnel  error  effect. 
Reliability  numbers,  derived  from  the  failure  probability 
of  each  item  analyzed,  are  also  contained  in  this  range 
of  values.  In  many  cases,  this  technique  may  be  of  value 
and  study  by  readers  is  merited. 
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HUNTING  SAFETY 


(Editor's  Note:  A Central  Safety  Board  presentation,  submitted  by 

P.  H.  Therrell,  Sr.,  Safety  Inspector,  Sperry  Rand  Corporation,  Louisiana 
Army  Ammunition  Plant.) 

Are  you  shooting  your  hearing?  This  was  the  question  asked  by 
Mr.  Robert  A.  Lee,  Safety  Inspection  Department  Manager,  Sperry  Rand 
Corporation,  at  a recent  Central  Safety  Board  meeting  at  Louisiana  Army 
Ammunition  Plant,  Mr.  Lee's  topic  of  discussion  was  the  potential  hearing 
loss  resulting  from  the  use  of  firearms. 

While  hunting  and  after  shooting, 
sometimes  an  individual's  ears  ring 
and  there  is  no  question  that  he  has 
some  degree  of  temporary  hearing  loss. 

However,  the  high  intensity  sound  of 
shooting  often  causes  a high  frequency 
loss  that  is  permanent  and  cannot  be 
treated . 


Partial  deafness  after  exposure 
to  noise  is  well  known  to  boilermakers, 
jetport  ground  crews,  and  any  parent 
who  has  visited  a teenagers'  electri- 
fied rock  dance.  Most  firearms  users 
can  cite  similar  episodes  of  hearing 
loss  from  shooting  noise,  and  yet  it 
is  a widely  held  opinion  among  sportsmen  that  these  losses  are  insignifi- 
cant or  at  worst,  only  temporary.  The  facts,  however,  tell  a different 
story.  The  temporary  deafness  initially  suffered  by  persons  exposed  to 
excessively  loud  noises  does  become  permanent  after  repeated  or  prolonged 
exposure . 

The  decibel  (dB)  is  a mathematical  term  for  denoting  sound  energy. 

In  simple  terms,  every  3 dB  increase  in  the  sound-pressure  level  indicates 
a doubling  of  sound  intensity.  A 12-gauge  shotgun  has  been  measured  at 
140  dB. 

It  is  now  an  accepted  fact  that  sound-pressure  levels  of  over  130  dB 
cause  irreversible  hearing  damage.  Handguns  and  other  short-barreled 
firearms,  even  those  of  small  calibei  produce  an  unexpectedly  loud  (sharp) 
report.  For  example,  while  the  peak  sound-pressure  level  from  a .22 
caliber  rifle  measures  out  at  139  dB,  a .22  caliber  pistol  delivers  an  ear- 
splitting  153  dB.  The  14  dB  difference,  in  mathematical  terms,  means 


PAIN 

SAFE  LEVEL  LEVEL  DANGER  LEVEL 
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almost  five  times  as  much  sound- 
energy  production.  Both  of  these 
levels  are  damaging,  but  the  pistol 
is  much  more  so. 

The  hunter  in  the  field  who 
may  be  listening  for  the  sound  of  a 
bird  in  flight,  the  bay  of  his  dogs 
or  the  rustling  of  a rattlesnake  is 
understandably  reluctant  to  wear 
hearing  protection  devices.  He  is 
not  immune  to  hearing  damage  but 
will  suffer  less  damage  if  he  shoots 
in  the  open,  shoots  only  a few 
rounds  and  avoids  standing  close  to 
another  shooter.  Mr.  Lee  concluded 

his  presentation  by  displaying  several  samples  of  proper  hearing  protective 
devices  such  as  earmuffs  or  earplugs,  and  recommended  that  they  be  used  by 
persons  using  firearms  if  at  all  practical. 


***** 


NEW  WISE  OWL  CLUB  MEMBER 

Clifford  J.  Moore,  a maintenance  employee  at  Lake  City  Army  Ammuni- 
tion Plant,  saved  his  sight  with  safety  glasses  when  an  anvil  shaft  broke 
and  flew  up  into  his  face. 


The  incident  occurred  when 
Mr.  Moore  (left)  had  silver  soldered 
an  anvil  shaft  for  a cast  taper 
machine.  He  placed  the  anvil  in  the 
collet  on  a Harding  lathe  and  polished 
the  soldered  joint.  After  this  was 
completed,  he  removed  the  anvil  and 
shaft  from  the  collet  and  placed  the 
shaft  end  in  the  collet,  to  check  the 
assembly  for  alignment.  In  the  proc- 
ess the  stem  broke  and  the  anvil 
struck  his  forehead  and  safety 
glasses . 


Mr.  Moore  had  a bump  on  his  fore- 
head and  a handful  of  glass  particles 
where  the  lens  used  to  be,  but  his 
eyes  were  intact.  This  incident  has 
gained  membership  for  Mr.  Moore  in  the  Wise  Owl  Club  sponsored  by  the 
National  Association  for  the  Prevention  of  Blindness. 
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SAFETY  OPERATING  RULES  FOR  PLANTS  MANUFACTURING, 
LOADING,  HANDLING,  OR  STORING  POWDER. 
EXPLOSIVES,  AND  LOADED  SHELL. 


Purauaut  to  Ordnance  Department  Office  Order  No.  321  of  the  Chief  of  Ordnance,  the  following  rule*  ire  hereby 
promulgated  by  (lie  Hoard  of  Officers  drsigtiau-u  for  tliia  aura.  Tin  -»•  ntltr,  a*  formulated  herein,  otter  the  mini- 
mum requirements  considered  compatible  with  proper  safeguarding  of  our  worker*.  It  is  not  the  intention  of  these 
rules  to  limit  manufacturers  in  this  direction,  and  it  should  beeipressly  understood  by  all  that  manufacturers  are  entirely 
free  to  superimpose  upuu  these  rule*,  a*  a foundation,  any  additional  safety  rules  that  in  thrir  respective  cases  are  proper 
because  of  certain  local  condition*  which  lie©  -airily  could  not  hr  cover©!  bv  general  rule*  of  this  character. 

GENERAL. 

Scope. — Tlte  following  rule*  mid  regulation*  govern  rooms,  building*,  or  portions  of  the  plant  in  which  the  fol- 
lowing material*  are  manufactured,  loaded,  handled,  or  stored 

(a)  Substance*  in  such  form  and  condition  a*  to  hr  liable  to  detonation  or  explosion  from  spark,  heat,  fnetiuu,  or 
accidental  altork.  Tins*'  inellide.  among  other  hazardous  nuitennl*,  T.  N T.,  amatol,  explosive  '*  l>,” 
picric  ocid.  tetryl.  T.  N A.,  double-ha*-  si  lokrlrs*  powder*,  dry  guucottou.  dry  nit  rust*  rvh,  and  dry  ful- 
minate of  mercury,  hut  tad  wet  or  drlivili  uted  gunentton,  or  wet  nitrostnreh.  ammonium  nitrate,  or  wet  ful- 
minate of  mercury. 

(M  Substuiiiv*  in  siiyh  form  and  condition  a*  to  la-  liable  to  violent  ©■mbustiuu  with  the  generation  of  high  pres- 
sure* if  ©•tiHtied.  These  include  siiigh-hace  sinoltclo**  powder  in  the  diy  state,  tracer  bullet  compositions, 
and  similar  compound*  or  nii.Miiiv*.  Explosive  vapor*  an-  not  included,  excepting  so  far  aa  the  following 
ruli-»  urv  practicably  npplirahle  to  (lie  p ri. *•**«•*  ©iii©-rned,  and  if  *o  applied  will  operate  to  redti©-  the 

Definition*.  -11*  following  definition*  will  apply  throughout  the  following  mles- 

H . M •.  :.si  iij*.— TIhbh  siiIi'Iiiik*’*  included  under  the  preceding  paragraph*. 

O.-r  kcti  vo  Hi  tuii.xire.  - -building*,  n«*m*.  or  portion*  of  t!..  plant  in  which  oiwrativc*  *©•  roynlarly  employed  <n 
th.  |ir<nwi  of  •iiailllfaidni  ing.  loading,  packing,  or  otherwise  handling  hazardous  main  ini*. 

M lUsxiM*.— Building*,  room*,  or  |*irtinn*  of  the  plant  m which  luizunlmi*  uuiti  rial*  are  kept  or  stored,  and  in 
which  o|«riitivr*  an-  not  n-gnlarly  and  i*i|itimn»u*lv  employed 

RULES  AND  REGULATIONS. 

I These  Mile*  liill*l  !«•  Iilullglit  to  ||u-  attention  of  all  employ. •«•*  at  tile  time  of  their  eiuployuivut  mid  explained 
to  thrill.  Tin  t -hall  I*  |*i*ted  m all  o|«-utiiig  hnildilig*  mid  magazine*.  Employee*  nle  to  Is-  continually  impressed 
with  fin-  neO'Ssitr  of  nl*-\  ing  IIh-iii  at  all  time*. 

2.  All  o|«-r.itivi-».  in*|aelo|-*,  iiM-elianic*.  and  ,.iIkt»  who  ©mu-  in  ©Mitnct  with  Imxunlnu*  material*  must  have 
flu-  danger  of  rilv  ami  explosion  cli-nrly  i-vplaincd  to  tin  in,  iitnl  nl*o  the  |»***ihle  ean-u-*  of  fin-  and  explo*iotl.  They 
nimd  l»-  iiisfnietei!  mi  tin-  im  aii*  of  i-s.-a|*-  fioin  tlu-ii  building  and  it*  vicinity 

I ih-\|*'I  i.-in cd  »|*  i.ilit.-*  and  olln-r*  him -t  not  l«-  allowed  to  |n-i  fonil  new  duties  in  ©miu-ctioU  with  hazardous 
material*  until  they  June  Imtii  eiirvfnlly  in*irneleiL  and  lln-ir  woik  must  ©uitiiuioiialy  *ii|*-rvi*.*l  hv  * more 
ex |m  rn  i:.**l  o|*-..ifor  or  he  the  foi email  until  they  can  I*-  safely  trusted  to  work  alone. 

4.  I'er*'ii>  who  are  o|-  wlu>  have  I*  en  mentally  tiusoiind.  f>  vhh'-uiiiided.  m.ilieiously  or  criimnally  inclined, 
suhji'i  i to  tit*,  epilepsy,  or  lapses  of  ©•ii-u-ioiisin-s.*.  injdieted  to  or  under  tin-  infiueiu*-  "f  drug*,  narcotic*,  or  intoxicating 
liquors,  or  who  an  habitually  eatvh-s*  oi  indiltcivnf  to  the  hazard*  of  lln-ir  is-cupatioii,  or  who  willfully  di-reg.inl 
tin  s,  rules  aflei  *in  li  di— •■slh-nce  i-  hi.uighr  to  lln-ir  attention.  mu*t  not  I*  eiuplovi-d  within  thi*  |Nirttnn  of  the 
plant,  m-r  sliall  |«'i-*on*  under  uti  uwiuiM-d  naiiu-. 

t».  I.Miieln-s  ami  other  ineiil*  an  m.t  to  l«  eaten  in  or  mound  operating  hnildilig*  or  uuigariin-*.  except  in  ease* 
wlw-n-  tin-  eontiniuiniv  oT  tin-  "p. -ration  ...  ivquiivs. 

7.  Employ©-*  must  not  k'-ep  |*-n**nal  i-lTe.-t*  in  oja-niting  hnihliug*  or  magazine*.  or  e.xtr*  clothing  other  than 
rii.it  which  i*  inw'*nn  f--r  immediate  wear  outdoor*. 

a.  To  pi e veil!  tile  elitnilH  f iiliaiitln-l  i /©I  |*-|s..lns  tin-  plant  or  that  |--rtnm  of  tin-  plant  ©•iitiilliing  operatiug 
hnilding*  .-r  iinigaxiiie*  niu*t  I*-  ©•inpletely  inel.im-d  hv  *iiitahle  fencing,  which  *hall  he  lighted  and  pafndlcd  by 
guard*.  All  I-Iilralii*'*  lilll.»t  In-  suitably  guarded. 

9.  No  I*  r~m  -ball  nllow.-d  to  enter  the  at*-ve  |*Tt|oii  ->f  tie-  plant  witlxinl  exhihitiiig  a suitable  |wo«s  and 
fe-ou;  identified  ns  it*  rightful  owner. 

I, 1.  No  -i-.ii  shall  I*-  i.llovv.-d  to  enter  with  or  eiiny  with  him  in  thi*  (■•111011  of  1 It.  plant  matches  or  any  other 
tin-  of  Italia -producing  dev  il*-,  in'. hiding  c.ip*  and  detonator*,  unless  authorized  hv  managi'iiiriit  or  plant  rule*. 
I’eiuiits  mm  I I*  i**iied  h*r  carry  iug  only  safety  iiiafclu-s  w it  hi  11  a covered  liletnl  leevptaele.  or  nil  Iniiterus  for  use  w here 
tm  safer  f-  111  of  light  i«  |«r**ihle.  Snrli  uialclic*  or  lantern*  must  not  he  taken  close  to  hazardous  materials  or  into 
building*  n!  cur*  isililailiing  liazanlmi*  iunten.il*. 

II.  Smoking  in  thi*  |*irtioii  of  tie  plant  i«  pndiihited.  except  in  pro|*-rly  d.-sigimfed  detached  building*  or 
inrb»uirv*  ut  least  fis  t fiinn  o|*  rating  hnilding*  or  magazine*. 

12.  Ample  provision  for  lighting  cigiirvtti-*  and  pi|*  * must  U- inMinruin©l  outride  eneh  pliant  gate. 

13  Within  or  11 1 ■ *ii  all  ••(■ruling  hnilding*  add  ui.igaMiii-*  a ©.nspicuoua  sign  i*  to  la-  |*v.ted.  stating  the  maximum 
iiiiiiiI-  r "f  reguhil'  oja-r.itive*  -it:J  f.,iin»-u  and  the  11L1M11111111  imuila-c  of  .idd:t!oU;d  |m-i>oii*.  *uch  a*  extra  forerovu, 
l>  |uiinneii.  truckmen.  ius|»-otni*.  visitor*,  and  other*,  im-linling  employee*  under  instruction  and  (iovernment  ropre- 
M-utafivcM,  wliieli  «liall  la-  allowed  in  tin-  Imilditig  or  it*  immediate  vicinity  during  o|*-ratinn*.  These  limit*  sir  to 

la-  tin-  with  ©•ntimied  and  satisfactory  o|*  i'ation  of  the  plant  or  ploces*.  The  op<'ratiug  foreman 

..f  tin-  l*nldiug  i»  to  la-  *ti icily  n-*(«m*ihle  for  the  enforo-uieiit  of  the*«  limit*.  It  nhall  la-  hi*  duty  to  at  oner  warn 
ano.iH-  v 10  by  entering  e\©**l*  tla--*-  limit*,  and  if  I Im-  number  1*  mil  at  one*  ri-duced.  lie  shall  stop  n|a-rntkina  and 
miflidrn"  hi*  crew. 

14.  The  foreman  or  otla-r  |a-r~*n  in  cliurgc  of  mi  u|n  rating  building  or  magazine  must  satisfy  him**  If  a*  to  the 
identity  of  any  |a.-r-on»  euteiing  or  approaching  hi*  building  uud  their  right  to  enter.  He  i»  to  be  given 
tla-  autlmrily,  and  i*  to  exercise  flu-  right,  to  order  them  !••  leave  or  to  eject  them,  if  their  prvseno-  or  action*  are 
prejudicial  |«  safi-ty. 

1-V  A daily  re©<rd  must  la-  kept  in  the  main  office  of  the  names  of  operatives  at  work  ou  each  shift  ill  each 
operating  hnilding  and  magazine  and  I'tlicr*  regularly  employed  in  the  vicinity.  A permanent  record  shall  be  kept 
at  flu-  plant  *liowiug  the  plnor  of  n-sideiM-r  of  siicli  employee*  and  tin-  name*  and  addle**.-*  of  their  nearest  relatives. 

18.  The  foreman  of  each  shift  or  crew,  or  soiiw  appointed  |«rvoii.  must  examine  all  rquipineut  fore  work  is 
©•uiinrnei-d.  to  n~-irtam  that  it  i*  in  pro|*-r  and  *afe  working  condition,  that  the  building  is  clean  and  free  from 
objectionable  material  or  iiiinc©-*aairv  tool*,  uud  that  safety  exits  * rr  not  obstructed. 

17  If  uuicbiiieiy  or  oilier  equipment  is  out  of  older,  or  give*  indication  of  inipruper  o|«craliou  or  senoue  defect 
or  if  danp-roiis  fon-ign  aiilsstancva  or  oliject*  aie  di*©oered  iu  hazardous  materials,  work  must  be  stopped  at  once 
nnh-**  tl«-  dangi  r i*  at  once  ii  moird.  All  *ueli  ea*.-*  inu*t  h.-  n |»vrted  to  the  plant  aiuhontieo. 

15.  ©'pair*,  ©nisi ruction,  expi-riuielitx.  or  lest*,  nr  o»l»o-  r||«o  routine  work  are  *••  S-  gsd»  rTsUcu  ia  i^y 
• ■(*  rating  building  or  magazine  during  o|>eratioii*  without  first  advising  the  foreman  or  otlirrs  in  charge.  If  such 
work  add*  to  the  general  liazard  and  ©111  otla-rwise  |>erf"i na-d.  it  must  not  be  done  during  operatmna  nor  with 
llliia-erwsary  |a-r*r»li«  (>n-*ent. 

19.  Major  nqiair*  or  change*  are  not  to  la  niulertakeii  in  an  o|wrafiug  building  or  magazine  dining  regular 
■qa-iafioii* ; nor  nitlamt  tlx-  nmoval  of  tlx-  liazurdou*  materials;  dot  without  tlie  knowledge  and  ©msent  of  the 
employer  in  imiix-diate  churge  of  tlie  building;  ixir  he  nil  imaiitlionzed  |iei-*ou;  ix/r  with  uime©'**ary  persons  present 
or  iu  tlse  iuum-diafe  vicinity.  !-■»*'  hazunlou*  uuifenal*  an-  to  h.-  cleaned  up  and  *urfa©-«  washed  or  desenaitued 
as  far  a*  prurtieiihu  . 

21)  liuiia-di.itely  after  *nHi  p-|Nilr»  or  eliaugva,  all  tool*  and  mstenal  ninst  he  n-nioted  and  accounted  for  b<  fore 
the  hnildilig  ia  iu  proper  ©uulitinn  1.1  operate  Tlie  person  iu  uuuu-diato  cliaige  of  *ucli  work  mav  remain  in  the 
building  to  *•*•  tliat  it  operate*  pio|«-rly.  hut  lie  aball  HrxJ  w ild  hi*  assi*tanL*  to  a vifr  distance. 

m 21.  Waste  material*,  ©•ndi-mned  equipment,  -weeping*,  or  refu*e  coutsimog  or  cuntanuuated  with  hazaraou* 
mati  n*l-  must  not  be  left  in  or  near  operating  buililing*  or  magazineo.  It  should  br  taken  as  sooo  as  practicable  in 
©weird  ©mtaita  r*  to  a feuerd  an.1  locked  inclu*urv  or  to  hnilding*  »et  apart  foi  it*  rroivrry,  or  to  tbe  burning  ground. 
60  be  (aimed  in  small  quantities  under  careful  »u|>ervi*ion  Such  material  must  out  be  buried  nor  ihrnwro  into  any 
•treani  or  tidewater  UDleaa  it  is  deoompused  by  or  i*  wduhle  m water.  It  should  oot  be  emptied  into  eloe>d  drama 
Daed  equipment  ao  ©>ntaminated  must  riot  be  taken  or  shipped  outside  tbe  plant  or  earned  into  tbe  safety  area  until 
it  bo*  been  freed  from  contamination. 


22  Before  freight  cars,  wagons,  and  other  conveyances  «r  comers  which  have  contained  hazardous  *ni-n.U  leas* 
tbe  plant,  they  must  be  inspected  and  freed  from  contamuisi.^n. 

21.  Signs  stating  the  maximum  amount  of  hazardous  material  allowed  u side  must  be  posted  in  each  operating 
building  and  magazine  These  limit*  n the  case  of  operating  buildings  thall  be  the  lowest  consistent  with  continued 
and  satisfactory  operation  of  the  plsut  or  process,  and  in  all  cases  due  regard  must  be  bad  to  tbe  safety  .(  adjacent 
buildings  fiom  the  effects  of  tire  m explosion  Responsible  employees  must  be  charged  with  tbe  duty  of  maintaining 
these  limits. 

24  Hszardou*  mst-nnl*  tl  at  haw  Ux-u  spilled  in  buildiogi  or  aloog  tracks  or  roads  must  be  taken  up  at  once, 
and  no  such  material  hull  be  allowed  to  accumulate  under  flooring  or  in  other  concealed  spaces.  All  operating  buildings 
aod  magazine*  mu«t  be  kept  clean  and  orderly,  and  their  immediite  surroundings  must  be  maintained  clear  of  rubbish, 
UDdergrowth.  and  other  readily  mflunmishh- matter  All  implements  must  be  kept  in  their  proper  pl«©-s.  F,xplo«ve 
or  highly  inflammable  dust  must  not  b «•  pa-rmitted  to  accumulate. 

25  No  oi*-ratioiis  in  which  hazardous  materials  are  involved,  other  than  their  addition  or  removal,  shall  be  per- 
mitted in  magazine*.  Packages,  ho.xeo.  or  other  containers  of  the*  materials  must  not  be  opened  in  such  buildings 

2t>.  Met  si  tools  or  other  implement*  used  in  the  vicinity  of  hazardous  materials  liable  to  ignition,  explosion,  or 
detonation  from  spark  or  friction  must  lie  handled  carefully  SDd  kept  chan.  Metal  tools  used  in  any  operation  shall 
be  only  those  approved  by  the  uuinageruent.  and  the  method  of  their  uae  must  be  specifically  outlined. 

27.  The  ©•iitainers  of  hazardous  materials,  shell  sod  other  heavy  objects  must  be  lifted  or  wheeled,  and  not 
dragged  dropped,  or  thrown  uhout  in  operating  buildings  »nd  magoxinea. 

28.  Traiiuainx  truck*,  and  other  conveyance*  used  for  tin-  transportation  of  hazardous  materials  m,i*t  he  w>  arranged 
that  no  part  of  the  load  it  hahle  to  full  off.  Such  transportation  must  be  ddtie  carefully. 

29.  Kmployee*  in  o|x-ralii>g  hnilding*  or  inugaziix-a  cvntattiilig  hazardous  mater.sU  liable  to  ignition,  explosiou,  or 

detuiuitiou  fiom  *|uuk  ..r  fncri.'ii  must  ix't  wear  *h-*-*  with  ex|<osed  mrUl  nails  or  platen,  iinlets  ©m-red  by  sound  over- 
aboe*.  (Tht*  ib*-*  not  apply  t«.  -forage  depots  where  no  manufacturing  function  is  performed.)  Shoi-s  must  b«  care- 
fully cleansed  of  mud  and  grit  hefon-  such  building*  are  i-uti-red.  Tbe  clotbiDg  of  the*  employee*  rhoni'*  l--  — , 

Qietul  iittavlinieiit*.  uud  lo-.s.  mctul  object*  aliould  not  be  carried  in  the  pockeU.  Pocket*  in  the  clothing  should,  aa 
far  a*  practicable,  hr  i-liinii..  >d.  In  the  cum-  of  sliell-loadtr.g  plants,  tbe  foregoing  provision,  as  regard*  special  *boei 
or  nibbi-r  ..v.-relx*-*,  is  of  tun  jot  ini|*>rt.iii©-  a*  a|. plied  to  tho.w  portions  of  the  operating  area.*  where  hazardous  materials 
are  involved  in  the  pro©-***-*,  a*  the  presence  of  grit,  etc.,  aliould  be  here  prevented  as  far  a*  practicable.  Special 
supplementary  rub  * may  be  promulgated  to  cover  such  cases. 

W t lotliiug  and  underclothing  which  are  impregnated  with  hazardous  matenala  must  not  be  worn  oiitxide  -he  plant, 
nor  shall  employee*  -o  clad  approach  a tile,  tend  hratern  or  furnaces,  operate  uupnitect.d  electric  switches,  carry 
match.-*  or  lighted  lantern*.  01  *moke.  A*  fnr  a*  practicable,  such  impregnation  must  be  avoided  by  fnquent 
ehaugi-s  of  clothiog. 

11.  No  p.-r*on*  shall  be  allowed  to  enter  o|*-rating  buddiug*  or  maghzun.-s  with  firearm*  or  aiojuunition  therefor. 
ex©-pt  offio-r*  and  enlisted  men  of  the  Annv  and  Navy  of  the  I'nited  3tate\  and  tlien  only  in  on  emergency. 

T2.  All  steam  locomotive*  opi-rating  within  that  portion  of  tbe  plant  containing  operating  building*  and  maga- 
zine* must  I*  i*(iiip|K*d  w ith  efficient  spark  arrv.'ters  aDd  prop»-rly  protected  hre  boxes.  Finn  rnist  not  be  lighted  or 
dutu|K-d  within  this  ares  Hazardous  material*  must  not  be  curried  on  locomotives  or  tenders,  bin  in  box  car*.  ITiey 
moy  be  carried  on  Hat  car*  if  inelo*eri  in  fight  wooden  or  metal  containers. 

33.  Ponable  Are  extinguishers  mint  be  earned  on  all  electric  or  steam  locomotive*  and  motor  truck*. 

■U  No  hszardou*  material*  shall  lie  carrii-d  on  electric  locomotive*. 

35.  Steauv  and  rli— tile  loounotive*  must  not  l>  allowed  to  stand  close  to  operating  buildings  or  magazines 
(exo-pt  Umded  shell  storages)  while  car*  are  being  loaded  nr  unloaded. 

Car*  not  being  loaded  or  unloaded  must  txit  be  allowed  to  stand  nearer  thar  two  hundred  (20u)  f©-t  to  operating 
building*  and  magazine*. 

:w.  Hazai*lnu*  niatenals  in  loose  or  li^uij  form  should  be  transported  in  anered  aontainera.  No  liquid  explo- 
sive* *hall  l»-  carri©l  outside  a building  hv  liaDd  in  bucket*,  uuleM  apecul  permission  is  obtained  fn.tn  the  mansger. 

:I7  The  following  lu-ating  systeuw  only  must  be  u*ed  in  operating  buildings  or  magazi.-w-s : 

(«)  Direct  heating  by  hot  water  or  steam,  at  not  over  .5  pounds  pressure. 

(/»)  ln.lii.  et  heating  by  strain  coil*  aud  blower,  with  this  equipment  I • -eaten  in  a separate  building  or  n>m 

laiw-pn-**ure  steam-heating  ayateiua  must  be  (quipped  with  automatic  preasure-revu.atiDg  valve  and  weighted 
relief  valve  set  for  the  maximum  prrseure.  Hot -water  system*  must  be  equipped  with  expansion  tank.  Heating 
funmees  must  U-  (ilaa  d in  a separate  building  at  least  JO  feet  away,  and  furuaoe  stacks  must  be  provided  with  efEaent 
apark  arrester*.  The  air  intake  of  blower  system*  must  be  carefully  acreened. 

38  Tbe  dust  01  hazardous  materials,  clothing,  paper,  aud  other  inflammable*  must  be  kept  off  radiator*  and 
bratiug  coil*.  Radiator*,  heating  coils,  and  piping  must  not  be  m cootact  with  woodwork,  and  must  U readily 
accessible  for  inspection. 

39.  A*  far  as  practicable,  power  transmission  maeliioery  abould  be  external  to  operating  buildings.  AD 
bearing*  must  be  frequently  examined  sod  oiled. 

40.  Kh-ctric  motors  must  not  be  located  in  room*  ouitaitiing  looae  hazardous  male  rial  liable  to  ignition  from  eparka 

41.  All  electric  wiring  within  opa-ratiug  building*  or  magazines  must  be  id  conduit  or  cable  installed  in  accordance 
with  the  underwriter*'  standards.  There  must  be  no  key  sockets,  pwitchea.  fuse*,  or  waiters  inside.  All  lights  must 
have  an  outer  globe  or  a -olid  protecting  fixture  of  anne  type. 

42.  Al.  employees  are  forbidden  to  make  chaugrs  or  to  tamper  wri:b  electric  rquipmeut  nleas  properly  authorised. 
W hile  there  an-  hazaidou*  msteriaL*  iu  the  building,  outer  globe*  or  protecting  fixtures  roust  not  be  removed  unless 
all  current  is  cut  off  from  tlie  outside,  aud  they  must  be  replaced  before  current  i»  turned  on. 

41.  Portable  extrusion  light*  must  not  be  introduced  into  operating  buildings  or  magazines  while  hazardous 
mstennls  an-  preacuL  At  other  linn-*  «lieo  used  such  lights  must  be  equipped  with  outer  globe  and  cage,  keyless 
•ocket,  aud  rcenfonvd  or  armored  extension  cord. 

44.  All  heating  ayatemo,  pipe  lines,  high-speed  bell*  and  other  apparatus  liable  to  difference*  of  rlrctriad  pote-riol 
must  he  properly  grounded. 

45.  Oily  waste  must  be  kept  in  approved  waste  cans. 

48  Paints,  oil*,  etc.,  unnecessary  to  the  operation,  shall  not  be  permitted  to  remain  in  operating  building. 

47.  Satisfactory  drow  niug  tanks  and  srraugeim  nt*  for  rapid  drowning  must  be  provided  for  all  hazardous  materials 
in  an  acid  state  which  are  liable  to  decomposition. 

46.  Nitralure  foi  hazardous  materials  which  are  liable  t»  decomposition  during  nitration  must  be  provided  with 
«t  least  two  meant  of  agitation. 

49  Sufficient  enta  must  be  provided  iu  operating  buildiugv  and  dry  houses  to  permit  all  operative*  to  make  quick 
eocape  without  danger  of  ©.ngestion  at  the  rails  themselves.  Exit  doora  must  open  outward,  and  during  working 
hour*  must  hr  secured  only  by  safety  latches  which  will  yield  readily  to  pressure  from  the  inside.  Such  exit*  moat 
lead  direct  I v to  route*  which  will  permit  operative*  to  e*e*pe  from  the  vicinity  of  ’be  building  itself  Tbeae  route* 
mu*!  he  fn*-  from  tripping  hazard*,  obstruction*,  and  pitfalls,  and  should  have  no  drops  over  24  inches  in  height;  if 
necessary,  ramp*  or  runways  being  provided. 

All  safety  exits  mu*t  hv  kept  clear  of  obatructn.ua.  Tlitewliolda  mutt  not  be  ovei  6 inches  id  height,  and  there 
should  he  sufficient  head  room.  Safety  exits  must  h.  painted  a distinguishing  color  and  plainly  marked  with  a «m- 
■picuou*  sign  reading  " SAFETY  EXIT 

V).  Safety  exits  roust  be  provided  f»r  all  operating  fl-«-r*  above  tbe  ffrat  and  furnished  with  ext*  mal  escape* 
Wading  away  from  tlw  building.  Tliese  aimiild  be  chute*  ..r  incline*,  rather  than  rtaira 

M Haod  Are  equipment  may  be  provided  insub-  updating  buildrogi  and  magazines,  but  operatives  mu*J  be 
warned  agsit.M  its  use  if  an  explosion  is  imminent  Iu  the  case  of  Are*  in  building*  eoniaic.og  large  quanririea  of 
TNT.  loaded  alieHs.  aud  other  explosives  which  niav  detonate  or  explode  after  exposure  to  intmae  beat  rroployew 
must  be  warned  to  leave  the  vicinity  after  the  fire  ha*  p«*-ed  the  incipient  atagv.  Thi*  applies  also  to  haxanJowa 
niatenals  in  closed  vessels  or  tanks  ripoord  to  Intense  heat 


NOVEMBER,  1918. 


C C WILLIAMS, 


vi.  x. 
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THE  AMC  SAFETY  MANUAL....PAST  AND  PRESENT 


We  don't  know  who  said  it,  but  it  certainly  is  true  --  "Mighty  oaks 
from  little  acorns  grow!"  One  of  these  "mighty  oaks"  with  which  we  all 
are,  or  should  be,  intimately  familiar  is  AMCR  385-100,  the  AMC  Safety 
Manual.  The  evolution  of  this  comprehensive  standard  began  some  55  years 
ago. 

The  first  manual  (left)  was  a single  page,  22"  X 30",  with  51  regula- 
tory paragraphs.  This  "acorn"  was  signed  by  MG  C.  C.  Williams,  Chief  of 
Ordnance,  US  Army,  in  November,  1918.  Although  few  in  number,  these 
safety  rules  are  as  vital  now  as  they  were  then.  The  initial  document, 
however,  is  hardly  comparable  to  the  current  manual  with  its  one  change, 

28  sections,  and  641  paragraphs,  not  to  mention  the  numerous  sub-paragraphs, 
tables,  drawings,  etc. 

In  1931  the  first  "pocket-book"  edition  was  published.  This  issue 
was  brought  up  to  date  in  1941  and  again  in  1945. 


ORDNANCE  SAFETY  <■ 
MANUAL 


\ REGULATIONS  GOVERNING  THE  MANUFACTURE. 

STORAGE.  LOADING,  AND  HANDLING  OF  MILITARY 
\ EXPLOSIVES  AND  AMMUNITION  AT  ESTABLISHMENTS 


> ARMY  SERVICE  FORCES 


OF  THE  ORDNANCE  DEPARTMENT 


UNITED  STATES  ARMY 


3 May  1945 


A new  system  was  inaugurated  in  1946.  The  decision  was  made  to  pub- 
lish Safety  Bulletins  listing  the  various  precautions  to  be  observed  in 
specific  operations  and  situations.  As  one  might  imagine,  this  method 
grew  rather  cumbersome  as  the  volume 
of  bulletins  increased. 

The  ORDM  7-224  published  in 
1951  represented  a consolidation  of 
all  the  Safety  Bulletins.  For  the 
first  time  it  was  published  in  a loose- 
leaf  binder.  As  knowledge  and  exper- 
ience increased,  it  was  necessary  to 
revise  old  requirements  and  add  new 
ones  from  time  to  time.  With  the 
loose-leaf  construction,  making 
changes  in  the  safety  manual  was  .merely 
a matter  of  taking  out  the  old  pages 
and  inserting  the  new.  Also,  it  was 
felt  that  this  would  enable  installa- 
tions to  remove  various  sections  for 
use  by  people  who  did  not  need  the 
entire  manual. 

Shortly  after  the  inception  of  the 
US  Army  Materiel  Command  in  August, 

1962,  the  ORDM  7-224  was  redesignated 
as  AMCR  385-224.  This  latter  manual 
continued  in  useage  through  change  16 
in  1969.  Within  the  same  time  frame,  the  need  for  a new  standard  was 
realized.  A draft  safety  manual,  designated  as  AMCR  385-100,  was  sent  to 

the  field  for  comment  and  in  April, 
1970,  the  new  loose-leaf,  8"  X 10" 
manual  was  distributed.  This  docu- 
ment is  currently  effective  through 
Change  1,  dated  14  October  1971. 

Over  the  years,  the  basic 
manual  has  gradually  expanded  its 
coverage  to  include  a variety  of 
areas  outside  of  explosives  safety. 
AMCR  385-100,  however,  does  not 
provide  all  the  guidance  necessary 
for  the  operation  of  a safety  pro- 
gram. Other  AMC  Regulations  as  well 
as  AMC  supplements  to  Army  Regula- 
tions cover  specific  areas  of  safety 
not  included  in  AMCR  385-100;  i.e., 
laser  safety,  aviation  safety,  radio- 
logical safety,  etc.  Additional 
guidance  in  the  form  of  OSHA  stand- 
ards and  national  consensus  standards 


THIS  II  t KHIN1  Of  »MCI  Hi  ll*  [tOIMflU  0»0  MM!<) 
INCIUOING  MW  AND  tlVISlO  fAGIS  fUBUSHlO  IN  CHANGES 
IIHIOUGH  12. 


SAFETY 

AMC  SAFETY  MANUAL 


HEADQUARTERS.  U S ARMY  MATERIEL  COMMAND  JUN  1964 
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such  as  ANSI  and  NFPA  must  be  used 
to  supplement  the  requirements  of 
AMCR  385-100. 

Yes.... the  safety  manual 
has  grown  by  leaps  and  bounds 
since  1918,  yet,  it  has  never 
surpassed  its  usefulness. 

AMCR  385-100  and  its  predecessors 
have  made  a significant  contribu- 
tion to  the  advancement  of  safe 
operations  within  the  Army,  and 
will  continue  to  do  so  in  the 
future . 
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HOME  REPAIR  WOES 


An  inventory  of  your  home  might  reveal  one  or  more  of  the  following 
tools : 

A Bent  Screwdriver  (bent  when  you  used  it  as  a crowbar). 

A Knife  With  a Broken  Blade  (broken  when  you  used  it  as  a screw- 
driver) . 


Several  Odd  Sized  Open  End  Wrenches  (odd  sized  because  you  either 
tried  to  grind  the  jaws  bigger  and  wound  up  with  something  that  fits 
nothing,  or  else  you  tried  pounding  the  jaws  together  and  ended  up  with  a 
wrench  that  is  just  fine  for  tightening  up  pear-shaped  nuts). 

A Piece  of  String  11  Inches  Long  (for  measuring  one-foot  jobs 
where  you  like  to  add  another  inch  for  good  measure.  Using  this  method 
you  satisfy  your  desire  to  be  on  the  safe  side  and  still  come  out  right 
the  first  time). 

A Hammer  (one  or  both  claws  broken  off,  a mushroomed  head,  and  a 
split  handle.  Makes  a dandy  antique  door  stop). 

A Handful  of  Bent  Rusty  Nails  and  Screws  (to  be  transferred  to 
the  fishing  tackle  box  for  use  as  sinkers). 

A Brand  New  Set  of  Miniature  Socket  Wrenches  (the  set  bought  for 
98  cents  and  used  only  once.  Since  then  the  bolts  they  fit  haven't 
loosened  up) . 

A Broken  Pencil  Stub  (being  kept  in  reserve  for  marking  a point 
or  a line  when  the  nail  normally  used  wears  down.  You  could  sharpen  the 
pencil  if  you  could  find  where  your  wife  put  the  wood  chisel). 

A Variety  of  Miscellaneous  Items  (an  empty  oil  can,  an  unidenti- 
fiable "thingamabob"  that  just  might  fit  somewhere,  and  a beer  can  opener 
in  excellent  condition). 

Armed  with  such  a set  of  tools,  amateur  contractors  are  ready  to 
undertake  any  repair  job  whatsoever.  Tape  a frayed  wire  instead  of  re- 
placing it.... What  can't  be  nailed  down,  glue  down. .. .What  can't  be  sawed 
off,  break  off.... What  can't  be  fixed,  set  aside  for  another  day.  Many  of 
the  repairs  are  temporary  and  usually  unsafe.  They  are  temporary  until 
the  amateur  can  get  better  or  proper  tools,  which  never  seems  to  happen. 

Replace  worn  out  tools  if  you  want  to  do  a better  job  in  less  time 
and  more  safely.  Do  it  today  because  tomorrow  is  the  day  the  cupboard 
doors  are  scheduled  to  stick. 

- Badger  Army  Ammunition  Plant 

Olin  Corp.,  Energy  Systems  Division 
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LET  THE  BUYER  BEWARE 


Larry  E.  Smith,  Safety  Specialist 
RASA,  Missile  Command  Headquarters  Operations 
Redstone  Arsenal,  Alabama 


The  science  of  chemistry  has  produced  fluorescent  products  related  to 
light  and  visibility.  As  safety  professionals  who  find  an  occasional  use 
for  these  products,  safety  directors  must  have  an  awareness  of  what 
fluorescent  materials  can  and  cannot  do.  Fluorescent  materials  commonly 
used  by  accident  prevention  specialists  are  sometimes  erroneously  adver- 
tised: 

1.  "Fluorescent  strips,  patches  or  paint  increase  visibility 
after  dark." 

2.  "Fluorescent  fabric  --  Keep  out  of  direct  sunlight.  Use  only 
at  night." 

3.  "Fluorescent  (paint).  For  painting  objects  or  areas  requir- 
ing night  visibility." 

At  a time  when  management  is  facing  continued  cutbacks  in  spending, 
the  safety  director  must  recommend  buying  only  those  safety  products  he 
has  an  accurate  knowledge  of. 

The  above  advertisements  were  selected  from  publications  well  known 
to  most  safety  personnel.  All  three  are  technically  incorrect! 

Fluorescent  materials  appear  unusually  bright  in  the  daytime  but  are  not 
usually  bright  at  night.  The  fact  is,  they  are  less  visible  than  plain 
white  cloth  at  night  under  headlamp  or  street  illumination. 

The  first  advertisement  above  is  taken  from  a safety  booklet  which 
advocated  marking  children's  halloween  costumes  with  fluorescent  strips, 
patches  or  paint  to  increase  their  visibility  to  motorists  at  night.  When 
the  publisher  was  contacted,  an  error  was  admitted  and  a revised  edition 
of  the  booklet  was  issued.  The  revision  called  for  the  use  of  reflective 
strips  in  lieu  of  fluorescent  products. 

The  second  advertisement  quoted  above  was  found  on  labels  attached  to 
safety  vests  intended  for  use  by  police  officers  directing  traffic  at 
night.  The  vests  were  made  of  fluorescent  fabric.  When  they  were  alerted 
that  their  fluorescent  vests  were  not  effective  in  the  dark,  the  depart- 
ment had  strips  of  retro-reflective  fabric  sewed  to  the  vests. 


17 


The  third  advertisement  was  quoted  from  a recent  sales  catalog  adver- 
tising an  acrylic  or  styrene-acrylic  lacquer  in  a pressurized  can. 

Although  some  paints  do  have  an  afterglow  in  the  dark,  fluorescent  paint 
does  not.  These  luminous  paints  are  either  self-luminous  (energized  by 
radioactive  salt)  or  phosphorescent  (pre-excited  by  an  outside  energy 
source  and  persistently  emitting  light  after  the  outside  energy  is  re- 
moved). Fluorescent  materials  transform  ultraviolet,  violet  and  even  blue 
energy  into  light,  as  well  as  reflect  incident  light.  Their  brightness 
under  daylight  is  striking.  This  is  true  because  of  the  ultraviolet 
energy  in  daylight,  which,  after  striking  the  materials,  returns  to  the 
eye  as  light  in  addition  to  the  daylight  reflected  by  the  materials. 
Fluorescent  materials,  however,  do  not  continue  to  glow  in  the  dark.  If 
the  fluorescent  paint  was  viewed  at  night  under  a "black  light"  (ultra- 
violet instead  of  the  normal  headlamp);,  it  would  be  extremely  visible! 

If  safety  personnel  are  not  aware  of  what  the  physical  properties  of 
fluorescent  materials  are,  they  could  mistakenly  misuse  any  of  these  three 
products  with  tragic  results! 

A conventional  red-orange  surface  reflects  just  red-orange  light  and 
absorbs  and  wastes  all  other  wavelengths  of  light.  A fluorescent  red- 
orange  surface  reflects  not  only  that  portion  of  the  spectrum  we  perceive 
as  red-orange,  but  it  converts  the  shorter  wavelengths  of  ultraviolet  and 
other  colors  into  longer  visible  energy  in  this  red-orange  wavelength.  It 
is  much  the  same  as  the  energy  of  electric  current  transformed  into  light 
in  an  incandescent  lamp. 

Normal  objects  around  us  do  not  change  the  wavelengths  of  the  light 
they  receive.  The  energy  of  a given  wavelength  which  they  receive  is 
reflected  back  by  them  in  the  same  wavelength.  They  do  not  reflect  every- 
thing, however,  since  a portion  is  absorbed. 

Fluorescent  materials  convert  light  to  the  visible  wavelength  when 
they  are  in  the  path  of  a short  wavelength  light  source.  Thus,  reflected 
color  is  reinforced  with  converted  color,  producing  color  effects  that 
have  approximately  four  times  the  light  energy  as  the  nonf luorescent 
surface . 

The  safety  officer  purchasing  fluorescent  safety  products  should  con- 
sider the  following: 

1.  Fluorescent  materials  must  be  stimulated  by  light  to  increase 
their  visibility.  Ultraviolet  light  is  an  extremely  stimulating  source. 

2.  Fluorescent  materials  do  not  emit  light  after  the  light  source 
is  removed. 
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3.  Under  daylight  conditions,  fluorescent  materials  result  in 
color  that  is  visible  and  discernible  at  greater  distances  than  conven- 
tional color. 

Many  fluorescent  products  are  sold  with  appropriate  descriptions  and 
accurate  advertising.  These  fluorescent  products  are  often  referred  to  as 
follows : 

"Fluorescent  portion. .. .catches  the  eye  quickly  under  all 
daylight  conditions." 

"Fluorescent  color.... for  daytime  emergencies." 

"Daylight  fluorescent  color." 

"Day  Glo  fluorescent  colors." 

A good  example  of  a product  requiring  both  day  and  night  visibility 
is  the  slow  moving  vehicle  emblem.  This  emblem  includes  an  orange 
fluorescent  center  for  daytime  recognition.  At  night  the  red  ref lectorized 
borders  of  the  emblem  assure  instant  recognition. 

Safety  managers  must  become  familiar  with  today's  technical  safety 
materials,  methods  and  terminology.  The  buyer  of  safety  products  must 
beware  of  misleading  information. 

***"*■*■ 

BEWARE  OF  DEBRIS  ON  COMMERCIAL  RAMPS 


Many  flights  conducted  by  AMC  pilots  require  that  the  aircraft 
be  landed  at  large  civilian  airfields  to  drop  off  passengers  con- 
necting with  commercial  airline  flights.  Because  of  the  precautions 
taken  to  prevent  hijacking,  these  passenger  drops  would  most  likely 
be  at  the  Fixed  Base  Operations.  Many  of  these  Fixed  Base  Operations 
at  major  airfields  have  extensive  cargo  operations  in  progress.  As 
a result  of  these  cargo  operations,  debris  such  as  loose  wood,  nails, 
nuts  and  bolts  and  steel  bands  is  left  lying  around  on  the  ramp.  In 
addition  to  the  debris  problem,  the  large  reciprocating  engine  air- 
craft used  to  fly  the  cargo  drip  an  excessive  amount  of  oil  in  the 
ramps  and  parking  areas.  The  combination  of  the  debris  and  oil  could 
become  a serious  hazard  to  taxiing  aircraft  unless  extreme  care  is 
exercised  by  incoming  aircrafts.  Remember  strange  airfields  sometimes 
heve  strange  conditions.  Taxi  slowly  and  be  alert  for  loose  material 
that  might  be  ingested  into  aircraft  engines  which  would  result  in 
Foreign  Object  Damage  (FOD). 
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LOUISIANA  ARMY  AMMUNITION  PLANT  PRESENTED 
CECIL  L.  HIGHTOWER  MEMORIAL  SAFETY  AWARD 


LTC  M.  G.  Swindler,  Commander,  Louisiana  Army  Ammunition  Plant  (LAAP) ; 
and  Mr.  E.  A.  Vihstadt,  General  Manager,  Sperry  Rand,  operating  contractor 
at  LAAP  are  shown  with  the  Cecil  L.  Hightower  Memorial  Safety  Award.  The 
award  was  presented  to  LAAP  in  recognition  of  its  significant  contribu- 
tions to  the  cause  of  safety  in  the  Ark-La-Tex  area.  At  the  time  of  the 
award  presentation,  LAAP  had  accumulated  more  than  6,787,000  injury-free 
man-hours,  and  the  record  was  continuing.  This  commendable  achievement 
and  a low  motor  vehicle  accident  frequency  rate  were  the  basis  for  LAAP's 
being  presented  the  award. 

The  award,  initiated  in  1960,  is  in  honor  of  Cecil  L.  Hightower,  who 
was  Safety  Director  of  United  Gas  Company  from  the  mid-1930's  to  the  late 
1950's.  Mr.  Hightower  was  instrumental  in  forming  the  Ark-La-Tex  Chapter 
of  ASSE,  the  author  of  many  well-known  books  on  industrial  safety,  and  was 
nationally  prominent  in  the  safety  field. 


***** 

SAFETY  EQUIPMENT  PROTECTS  THREE  FROM  INJURY 

Raymond  Coake,  Gilmer  Hurst,  Sr.,  and  Herman  Hearn  are  three  men  who 
are  happy  that  personal  safety  equipment  is  furnished  and  required  to  be 
worn  at  Radford  Army  Ammunition  Plant. 

Coake,  a maintenance  mechanic  in  the  Acid  Area,  was  replacing  a 
flanged  joint  on  an  acid  line  when  nitric  acid  sprayed  from  the  opening 
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onto  his  face,  causing  first 
and  second  degree  acid  burns. 
Coake  was  wearing  acid  goggles 
during  his  work  which  saved 
his  eyes  from  possible  damage. 
He  is  shown,  at  right,  receiv- 
ing his  membership  in  the  Wise 
Owl  Club  from  H.  R.  Davies, 
Manager.  C.  R.  Edwards, 

Safety  Superintendent,  looks 
on. 


Last  month  while  emerging 
from  his  Acid  Maintenance  Shop, 
Herman  Hearn  started  to  open  the 
door.  The  wind  was  extremely 
brisk  and  it  flew  open.  At  the 
same  moment,  as  Mr.  Hearn  was  on 
the  threshold  of  the  opening,  the 
force  of  the  wind  on  the  door 
separated  the  steel  closer  from 
the  top  of  the  wooden  door  and 
swung  the  25-pound  steel  closer 
onto  his  head.  Fortunately, 

Mr.  Hearn  was  wearing  his  hard  hat. 
Had  he  not,  the  story  we  are  tell- 
ing would  have  been  quite  differ- 
ent. Mr.  Hearn  has  been  nominated 
as  a member  of  the  Turtle  Club. 


Gilmer  Hurst,  Jr.,  a mechanic  in 
the  Acid  Area  is  shown  at  left 
(center)  receiving  the  Gold  Shoe 
Award  from  H.  R.  Davies,  Manager. 
Hurst  was  on  a tank  car  unloading 
platform  when  his  right  foot  became 
caught  between  a toe  board  and  a 
descending  cantilevered  walkway.  Had 
he  not  been  wearing  safety  shoes,  it 
is  possible  that  several  of  his  toes 
would  have  been  amputated.  As  it 
was,  the  shoe  was  ripped  open  over 
the  steel  safety  toe. 


The  photos  (above  right)  show  the  closer  that  struck  Mr.  Hearn,  the 
fresh  wood  from  which  it  was  torn  and  a smiling  picture  of  Mr.  Hearn  who 
was  glad  he  was  wearing  his  protective  headgear. 
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Here  are  ten  questions  that  will  test  your  knowledge  of  safety  re- 
quirements that  you  will  need  under  different  circumstances.  Answers  to 
these  questions  may  be  found  in  the  AMCR  385-series  and  AR  385-series. 

How  many  can  you  answer  without  referring  to  the  regulations? 

1.  What  groups  of  employees  should  be  given  first-aid  training  at  an 
installation? 

Answer  and  reference: 

2.  What  common  fire  hazards  should  be  watched  for  during  fire  inspections? 
Answer  and  reference: 

3.  What  factors  must  be  considered  when  determining  limits  for  hazardous 
materials  ? 

Answer  and  reference: 

4.  What  are  the  safety  requirements  to  be  observed  when  repairs  to  a 
magazine  are  necessary? 

Answer  and  reference: 

5.  What  types  of  vehicles  are  preferred  for  use  in  transportation  of  am- 
munition, explosives  and  other  hazardous  materials? 

Answer  and  reference: 

6.  What  are  the  inspection  requirements  for  motor  vehicles  used  for 
transportation  of  hazardous  materials? 

Answer  and  reference: 
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7.  What  type  of  hand  tools  may  be  used  by  electricians? 

Answer  and  reference: 

8.  What  is  a chemical  incident? 

Answer  and  reference : 

9.  For  statistical  purposes,  when  should  a person  who  is  missing  be  re- 
corded as  a fatality? 

Answer  and  reference: 

10.  Can  an  installation  ever  have  a "negative"  Summary  Report  of  Federal 
Occupational  Injuries  and  Illnesses  for  Civilian  Personnel,  DA  Form 
3885-R? 

Answer  and  reference: 


***** 


NATIONAL  POISON  PREVENTION  WEEK  OBSERVED 
AT  ARMY  MATERIALS  & MECHANICS  RESEARCH  CENTER 

National  Poison  Prevention  Week  was  observed  with  an  all-out  poison 
prevention  campaign  at  the  Army  Materials  and  Mechanics  Research  Center 
(AMMRC).  In  addition  to  a film,  leaflets  and  exhibit,  Dr.  Frederick 
Love joy.  Executive  Secretary  of  the  Boston  Poison  Information  Center, 
presented  a talk  to  an  assembly  of  all  AMMRC  employees. 

In  the  photo  above  (left  to  right)  Mr.  Sidney  Levin,  Chief,  AMMRC 
Radiation  and  Occupational  Safety  Branch;  Dr.  Lovejoy;  LTC  Robert  B. 
Henry,  Commander;  and  Mr.  James  F.  Hall,  Safety  Inspector,  discuss  the 
AMMRC  poison  prevention  exhibit. 
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KEEP  A FEW  ACES  UP  YOUR  SLEEVE 


By  Robert  E.  Babis 


ACCIDENT  brief:  N1234B,  Cessna  310  - Pilot  had  unsafe  nose-gear 

indication.  Nosegear  still  unsafe  after  complying  with  cockpit  emer- 
gency procedures.  Requested  a low  pass  by  tower  for  visual  inspection. 

Was  informed  that  nosegear  was  swinging  freely.  Pilot  elected  to  land 
on  Runway  31,  Craig  Field,  and  requested  that  emergency  equipment  be 
standing  by.  Aircraft  landed  and  nosegear  collapsed  on  slow  rollout. 

Minor  damages,  no  injury. 

Analyst's  comments:  We  give  this  lad  an  above  average  for  head- 

work.  When  he  recognized  the  problem,  he  took  time  to  think  about  it, 
and  had  the  good  sense  to  seek  assistance  outside  the  cockpit. 

When  flying,  incidents  will  often  occur  over  which  you  have  no 
control.  The  above  item  is  a good  example.  What  could  possibly  have 
been  a serious  accident  with  injuries  was  avoided  because  of  the  pilot's 
positive  action  and  his  putting  every  possible  factor  in  his  favor. 

Success  stories  like  these  just  don't  happen.  They  are  the  result  of 
good  planning  and  a basic  flying  philosophy  which  incorporate  the  use 
of  everything  available. 

Let's  take  the  above  incident  again  and  back  up  a couple  of  hours. 

Say  the  pilot  had  taken  off  from  New  Orleans  and  arrived  at  Jacksonville 
with  about  35  to  40  minutes  of  fuel  remaining.  Mix  in  darkness  and 
marginal  visibility.  Oh,  yes,  he  had  also  "boomed  it"  in  New  Orleans 
the  night  before.  The  same  incident,  but  the  probable  outcome  is  less 
certain.  Why? 

Poor  weather  and  short  fuel  supply  tend  to  make  actions  more  urgent. 

The  pilot's  options  are  reduced.  Time  to  consult  with  other  airborne 
aircraft,  or  to  divert,,  is  diminished.  In  effect,  once  your  options  are 
gone,  you  have  lost  control  of  that  flight,  and  successful  completion 
becomes  less  certain.  This  realm  of  uncertainty  is  the  beginning  of 
unsafe  flight. 

As  we  gain  experience  (the  longer  we  survive),  we  find  there  are 
fewer  "either/or"  situations.  Most  things  offer  a choice  somewhere  between 
extremes  from  which  we  can  select.  Aviation  can  be  placed  on  such  a spec- 
trum between  the  extremes  of  safe  and  unsafe.  Not  only  does  the  distance 
between  those  two  extremes  vary,  but  the  point  of  an  unsafe  condition 
varies.  Just  where  a flight  becomes  unsafe  along  this  spectrum  depends  on 
the  factors  involved.  With  me,  it  varies  from  day  to  day.  In  fact,  it 
varies  for  each  flight,  and  it  may  change  during  the  flight.  For  each 
mission,  there  are  a set  of  circumstances  that  describe  safe  flight.  The 
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exact  point  where  the  mission  or  flight  becomes  unsafe  is  largely  depen- 
dent on  things  that  the  pilot  controls.  For  example: 

Pilot  - good  physical  condition,  well-rested,  an  absence  of  hunger, 
hangover,  and  hangups. 

Aircraft  - Servicing  personally  checked,  minor  discrepancies  noted, 
major  discrepancies  corrected. 

Environment  - Weather  checked,  lighting  and  obstructions  noted,  and 
an  "out  route"  planned. 

Management  - Alternate  courses  of  actions  planned.  Always  have  at 
least  two  places  to  go. 

A friend  of  mine,  a Pan-American  pilot  and  a fellow  Naval  Air  Reser- 
vist, summed  it  up  when  he  said,  "Aviation  safety  is  not  playing  your 
aces  early."  He's  right.  Search  out  the  options  in  planning  and  expand 
your  alternatives.  The  beautiful  thing  about  the  flying  business  is  that 
most  of  the  time  you're  able  to  stack  the  deck  in  your  favor. 

None  of  us  can  afford  to  ignore  facts  and  conditions  which  diminish 
the  certainty  of  successfully  completing  a flight.  Summing  up,  the  margin 
of  safety  is  yours  to  control.  The  aviation  spectrum  of  safety  is  a 
variable,  with  size  a function  of  controllable  factors.  Be  positive,  be 
aggressive,  have  a few  options,  and  ...keep  a few  aces  up  your  sleeve. 


Approach/ April  1973 
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Well, 

Did  You 

Know? 


Here  are  the  answers  to  the  questions  on  pages  22  and  23.  A refer- 
ence to  the  pertinent  regulation  and  paragraph  follows  each  answer. 

1.  Electricians,  maintenance  men,  guards,  firemen,  foremen,  attendants 
and  orderlies  in  the  first-aid  room,  and  other  job  categories  selected 
by  the  installation  safety  director  as  having  job-related  need  for 
the  training  shall  be  given  first-aid  training. 

Reference:  Paragraph  1-19,  AMCR  385-100. 

2.  Each  part  of  an  installation  should  be  inspected  on  a scheduled  basis 
for  common  fire  causes  such  as  poor  housekeeping,  smoking  violations, 
excessive  accumulation  of  flammable  materials,  improper  containers 
for  dispensing  flammable  materials,  improper  storage  of  flammable 
materials,  process  fire  hazards,  blocked  fire  doors  and  exits, 
seasonal  fire  hazards,  and  other  fire  hazards. 

Reference:  Paragraph  12-6a,  AMCR  385-100. 

3.  Determination  of  limits  for  hazardous  materials  requires  careful 
analysis  of  all  facts  including  operation  timing,  transportation 
methods,  size  of  the  items,  and  the  chemical  and  physical  character- 
istics of  the  material. 

Reference:  Paragraph  16-lb,  AMCR  385-100. 

4.  When  magazines  are  repaired,  the  general  requirements  set  forth  in 
AMCR  385-100  are  mandatory  --  particularly  those  relating  to  the 
elimination  of  fire  hazards.  The  following  special  requirements  are 
also  mandatory: 

a.  All  work  must  be  done  by  competent  workmen,  under  competent  super- 
vision. 
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b.  Safety  tools  must  be  used  as  required  by  paragraph  16-11,  AMCR 
385-100. 

c.  The  floor  in  the  immediate  vicinity  of  the  repair  must  be 
scrupulously  cleaned. 

d.  No  work  requiring  soldering,  melting  of  asphalt,  or  use  of  flame 
or  heat  producing  equipment  shall  be  done  in  a magazine  contain- 
ing explosives  or  ammunition. 

e.  Magazines  in  which  repair  work  has  been  done  shall  be  inspected 
by  competent  authorized  personnel  after  completion  of  the  work. 

f.  When  melting  pots  or  any  other  heat  producing  apparatus  are 
authorized  by  the  Commander  for  use  in  any  ammunition  and  explo- 
sives storage  area,  the  equipment  must  be  kept  at  least  90  feet 
from  the  ammunition  or  explosives  location.  When  necessary, 
baffles  and  screens  should  be  used  to  confine  sparks  and  flames 
to  heating  apparatus. 

Reference:  Paragraphs  18-12b(l)  through  (6),  AMCR  385-100. 

5.  Cargo  type  trucks  and  truck-tractor  drawn  semi-trailer  vans  are  the 
preferred  types  of  equipment  for  transporting  ammunition,  explosives 
and  other  hazardous  material. 

Reference:  Paragraph  22-5,  AMCR  385-100. 

6.  Government -owned  motor  vehicles  used  for  transportation  of  hazardous 
materials  shall  be  inspected  at  frequent  intervals  by  a competent 
person  to  see  that  mechanical  conditions  and  safety  appliances  are  in 
good  working  order  and  that  oil  and  motor  pans  under  engines  are 
clean.  Daily  inspections  shall  be  made  to  determine  that: 

a.  Fire  extinguishers  are  serviceable. 

b.  Electric  wiring  is  in  good  condition  and  properly  attached. 

c.  Fuel  tank  and  piping  are  secure  and  not  leaking. 

d.  Brakes,  steering  and  other  equipment  are  in  good  condition. 

e.  The  exhaust  system  is  not  exposed  to  accumulations  of  grease,  oil, 
gasoline  or  other  fuels,  and  has  ample  clearance  from  fuel  lines 
and  other  combustible  materials. 

Reference:  Paragraph  22-6,  AMCR  385-100. 
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7. 


Electricians  shall  use  nonmetallic  tools  wherever  possible.  Fiber 
fuse  pullers,  foot  rulers  without  metal  rims,  cloth  tapes  without 
wire  reinforcements,  and  insulated  handles  on  those  metal  tools  that 
are  necessary  are  essential  to  safety. 

Reference:  Paragraph  9-17h,  AMCR  385-100. 

8.  A chemical  incident  is  any  situation  involving  a chemical  agent  that 
results  in: 

a.  Exposure  of  personnel  to  a chemical  agent. 

b.  Release  of  chemical  agent  without  exposure  of  personnel  which  is 
not  reported  as  a minor  leak  or  as  a chemical  accident. 

c.  Attempted  theft. 

Reference:  Paragraphs  2-15b(l),  (2)  and  (3),  AR  385-40. 

9.  For  statistical  purposes,  a person  who  is  missing  and  after  investiga- 
tion presumed  to  have  met  with  an  accident,  should  not  be  recorded  as 
a fatality  until  the  body  has  been  recovered  or  until  he  has  been 
officially  declared  dead. 

Reference:  Paragraph  3-5,  AR  385-40. 

10.  No.  In  order  for  the  DA  Form  3885-R  to  be  completed,  it  must  indi- 
cate the  total  man-hours  worked  by  employees  (Item  40),  and  the 
average  number  of  employees  (Item  50). 

Reference:  Figure  10-1,  AR  385-40. 

****** 
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